This article deals with the problems of the climatic factors influence on the reliability of power lines in the Moscow region. Using the method of hierarchical clustering, the most significant meteorological factors leading to technological disturbances are determined and the values of Spearman correlation coefficients between the causes of accidents and climatic factors are calculated.
INTRODUCTION
The electric power complex of Russia is a set of generating capacities and transportation infrastructure, providing continuous power supply to industrial facilities and the population of the country. Power facilities, which are elements of a strategically important industry, must be resistant to both internal and external influences, as well as meet the requirements of reliability, characterized by the ability to perform specified functions with a certain degree of probability.
In accordance with the energy development strategy of Russia for the period up to 2030 the goal of the energy complex is to ensure reliable, high-quality and safe energy supply, taking into account the continuity and energy security. _____________
REASON DISCONNECTION OF POWER LINES IN RUSSIA
According to the annual reports of PSC rosseti, which is a backbone electric grid company, more than 150 thousand technological violations (accidents) are recorded in the country for more than 2.3 million km of power lines and 500 thousand substations with an average duration of power supply interruptions of about 2.5 hours [2] . The following reasons were recorded as the main violations of the normal functioning of the power facilities of PSC Rossetti in 2017:
1. Natural impact -47% 2. Resource exhaustion -23% 3. External impact -19% 4. Other reasons -11% Based on the above classification of accidents, one of the key factors to improve the stability and reliability of the power system is currently a reduction in the number of emergency shutdowns as a result of the observed natural impacts.
The climate sensitivity of the electric power industry is determined by a significant number of infrastructure facilities exposed to weather and climatic factors, and the most vulnerable and damaged element of the electric power complex are air power lines due to their territorial dispersion and greater exposure to climatic factors compared to the failure parameters of switches and transformers that are part of the substation.
The issues of improving the reliability of power lines under the influence of climatic factors over the past decade are actively discussed not only in Russia but also at the international level. Already in 2012, the intergovernmental panel on climate change (IPCC) prepared the report "Managing the risks of extreme events and disasters to advance climate change adaptation" dedicated to the problems of managing the risks of extreme climatic conditions for successful adaptation to climate change.
This study emphasizes the need to investigate each case of disconnection and establish reliable reasons for disconnection of power lines for the formation of the administrative and administrative apparatus of energy companies array of data to minimize operational risks associated with the impact of climatic factors. At the same time, it should be noted that the application of the analysis of the trip risk for power lines as a result of the influence of climatic factors is a time-consuming multifactorial task due to the probability that several climatic factors can have a cumulative effect on the object under study.
Climate impact analysis on power lines
Retrospective analysis of the causality of emergency shutdowns at power facilities revealed a constant increase in the number of cases related to the manifestation of climate, both directly and indirectly, which include:
1. The impact of recurrent natural phenomena -19.8% 2. The fall of trees on the power line wires -16.3%. 3. The atmospheric surge -13.5% 4. Excessive exposure to natural disasters -2.4%
The frequency and power of meteorological impacts directly affects the smooth operation of the power supply and transmission system via overhead power lines. Thus, the combination of meteorological factors and climate change contribute to the emergence of more than 50% of all possible violations and failures in the energy supply of consumers.
As part of the analysis of regulatory documents [3] [4] [5] and studies on the negative impact of climate on power lines [6] , the main causes of technological violations, as well as the possible consequences of such emergencies were identified and shown in Table I .
ANALYSIS OF ACCIDENTS IN THE MOSCOW REGION
The paper assesses the efficiency of the power grid economy of the Moscow region in a changing climate. The initial data on a technical condition of networks was used the attention of the Western electric networks, JSC "MOESK" about outages on the limits of territorial areas of the organization's activities for the period from 2013 to 2017, To determine the values of meteorological parameters were used data of 8 meteorological stations are relatively equally distributed over the area of the Western electric networks, JSC "MOESK".
During the analysis, it was hypothesized that such a phenomenon as, for example, "falling trees on power lines", may be an indirect effect of other phenomena (for this example, such a phenomenon was increased wind load). On the basis of this hypothesis, it was determined the need to isolate from the initial array of climatic factors that lead to technological disturbances, groups (clusters), including various causes related to the same type of aggregate properties.
The key difference between clustering and classification is the lack of welldefined groups, which are determined in the process of clustering algorithm. Cluster analysis allowed taking into account and combining in the form of a hierarchical dendrogram both the most frequent manifestations of natural phenomena and rather rare climatic anomalies. The resulting hierarchical dendrogram, presented in Figure  1 , clearly shows the relationship between objects (meteorological phenomena, external influences) and the groups in which they are combined. To assess the impact of natural phenomena and climatic anomalies on the reliability of the operation of overhead power lines, a correlation analysis was used as a method of assessing the relationship between the components, which allows to characterize the dependence of the effective sign (power line disconnection) on the variation of the sign-factor (natural phenomena).
The matrix with Spearman correlation coefficients for external causes given at the second and third levels of the hierarchical clustering tree (wind, rainfall, temperature changes and indirect impact) for the period from 2013 to 2017 for Western electric networks of JSC MOESK is given in table II.
The obtained values of Spearman correlation coefficients indicate the presence of a stable medium and high relationship between the technological disturbances occurring in the Western electric networks of PJSC MOESK and such external influences as: wind, rainfall and indirect climate impact with the level of significance p<0.1 
CONCLUSION
Thus, it was found that there is a correlation between the power line outages in the Western electric networks of JSC "MOESK" and such climatic factors as: wind, rainfall and indirect climate impact. The results of this work will allow to develop methods for assessing the vulnerability of power supply systems in changing climatic conditions and to minimize the risk of possible emergency shutdowns on the basis of models of the General circulation of the atmosphere, which are recommended for the assessment of climate change and the forecast of the studied meteorological parameters.
